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ABSTRACT

Househol d appliances and personal itens in contact with water
supply are subject to physical damages from chemical and other
constituents of the water. This study translates these dammges into
econom c |losses for a typical household. Then it aggregates these
| osses at the national and individual state levels. To do so requires
several stages of analysis. First, the types of physical damages
expected and associated water quality determnants are identified.
The physical effects are next translated into econom c | osses.
Second, danmage functions are formulated to predict |ikely inmpacts of
water quality changes on each household unit affected. Third, a
conput er program based on these functions is designed to estimate.
total danmages per typical household and to aggregate them over
selected regions. Finally, the programis applied to state-by-state
data on water supply sources and soci oeconom ¢ descriptors. Tota
damages to U S. residents in 1970 are estinmated in the range, $0.65 to
$3.45 billion; with a nmean of $1.75 billion. The nean translates into
$8.60 per person. States contributing nost to total dammges are
California ($230 nillion) and Illinois ($164 nillion). On a per
capita basis, Arizona ($22.53) and New Mexico ($18.58) rank highest,
whereas South Carolina ($1.15) and Oregon ($1.73) are at the other end
of the spectrum \hen per capita damages are conpared by source of
water supply, those fromprivate wells are worst at an average of

$12.34, treated ground water next at $11.20, and treated surface water



sources at only $5.83.
This report was funded under Program El enent 1H1094 of the
O fice of Research and Devel opment, Washington Environmental Research

Center, Environmental Protection Agency.
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SECTI ON |
CONCLUSI ONS
Some of the key conclusions drawn from this househol d damage study
are sunmarized in the following itens. Additional insights may be

obtai ned by surveying the list of references in Section XI.

1. In the United States, total 1970 damages to household itens from
wat er supply use were in the range, $0.65 - $3.45 billion, with
a nmean of $1.75 billion.

2. On a per capita basis, the nean damage estinmate is $8.60 in 1970.

3. Those states with the highest nmean estimte of damages include
California at $230 nmillion and Illinois at $164 nillion.

4, Per capita damages are highest for Arizona, $22.53, and New
Mexi co, $18.58.

5. Per capita damages differ significantly with respect to the
source of water supply. Those consumers using surface water
supplied by public systenms incur damages averagi ng $5. 83,
compared with $12.34 for private well owners.

6. The mpst significant water quality parameters affecting household
expendi tures include hardness, total dissolved solids, chlorides
and sul fates, and acidity.

7. Econonmic inpacts of water supply use on household itens
are measurable in terms of increased investnent and operating

costs.



8. Dammge functions are fornulated to estimate the inpact of water
quality on the service life and operating levels of nearly twenty
househol d itens.

9. The household itens most vulnerable to deteriorating effects
of water quality paraneters include piping, water heaters

and ot her appliances, washable fabrics, water utility systens,

and soap purchases.



SECTI ON 11
RECOVIVENDATI ONS
Several recommendations on treatment strategies and research

priorities are listed below as inplied by this household danage study.

1. Econonic tradeoffs of controlling water quality paraneters,
such as hardness and total dissolved solids, in a centra
plant vs. residential hones should be analyzed on a regional
basi s

2. Househol d damage functions from water supply use should be
derived fromlocal conditions. Al though communities with water
supply containing excessive anounts of certain constituents
have been observed to sone degree, other communities within
“recomended standards" should not be ignored. The latter
group nust also contend with significant damages in the
residential sector.

3. Mrre infornmation about water quality data and water use patterns
should be collected on private water distribution systens.

4. Mre research should focus on household damages incurred by
the use of water with very |ow concentrations of constituents.
Synergistic effects of constituents at these quality levels

shoul d al so be expl ored.



SECTION Il
| NTRODUCTI ON

The primary objective of water supply control is to protect the
public health and welfare in the use and enjoyrment of water resources.
The health aspect of water quality criteria has been under
investigation for many years, while aesthetic properties have al so
i nfluenced the devel opment of water treatnent technol ogies.
Qbviously, the protection of human health and aesthetic factors are of
paranmount concern (e.g., CDC, 1971; J. Lackner, 1973), but other
wel fare aspects also relate to drinking water characteristics. Beyond
its direct consunption, water is used in household activities, such as
di sh washing. Household appliances and plunbing, which cone into
daily contact with water supply, are subject to abrasive, corrosive,
and ot her damaging effects of certain constituents in water.

This study focuses on househol d damages while recognizing the
i mportance of other welfare aspects. Econonmic inpacts of water supply
use affect household costs in both the long and the short run. The
service life of household itenms increases from contact with inproved
water quality. In addition, daily expenditures for soap and
detergents as well as operating costs of appliance usage can decli ne.
Unfortunately, these inpacts are usually neglected, even in
conprehensive water quality damage studies. A major study of estuarine

pol lution problens (FWPCA, 1966), for exanple, concludes that the

4



benefits of nore stringent control are probably not large given the
exi stence of treatnent plants which are necessary in any case.

The misconception underlying this rationale is that treatnent
supposedly renpves all objectionable pollutants prior to household
wat er distribution. Such is not the case, however, in normm
treatnent plants. Total dissolved solids (TDS) and hardness are anbng
those elenents not treated extensively in public systens. It is wel
docurmented that these and other constituents can inflict severe
damages on households. Although there are suggested limts of
concentration for these paranmeters, standards have not yet been
pronul gated.  According to some economists, "... little rigorous
evidence is available on which to base a liniting standard for
drinking water with respect to total dissolved solids" (Kneese and
Bower, 1968).

This study denpnstrates that the econonic damages from donestic
wat er supply use are substantial and should thus be considered in
defining water quality standards. Enpirical evidence is reviewed from
the literature and cast into a nodel framework to predict tota
damages in a specific region. The first section of the paper
identifies major pollutants and their physical inmpacts on househol d
itens. The next section presents a nethod of translating these
danages into economc equivalents. Following this, a predictive npbde
is derived, after which total damage estimates.are calculated by

state. These values are based on conplete renoval of objectionable



wastes. Mdreover, they include all residents served by either

public
private water distribution systens.

or Finally, partial danmges are

estimated in neeting recommended standards of water supply rather than

conpl ete renoval



SECTION |V
PHYSI CAL | MPAI RVMENT OF HOUSEHOLD UNI TS
Water supply should be of sufficient quality to be safe for

direct consunption and to provide for its normal uses in household
activities. Mst contaminants in water supply are captured and
renoved at the water treatnment plant. But not all constituents are
renoved, the nost notable exceptions including the components,
hardness and total dissolved solids (TDS). Plants sel dom reduce
hardness bel ow 85-100 ppm (Larson, 1963). Conventional water
treatment processes do not readily or economically renmove a
significant portion of the mneral content.

Most public water supplies are within Federal reconmendations

l[imting total dissolved solids concentration to 500 ppm (USPHS
1963). Only 2 percent of water distributed through these systens,
serving 160 million Anmericans, does not nmeet this criterion (Patterson
and Banker, 1969). Yet conpliance with this criterion does not inply
t hat econom c damages from water use are avoided. Corrosion and
accel erated depreciation of household appurtenances have been observed
at low concentrations of the water constituents. Mreover, it is
generally less costly to inprove water at the plant than in the hones.
Sonncn (1973) denonstrated that household and industrial damages from
m neralized water supplies in a California community exceeded the cost
of water and waste treatnent by conventional processes. Howson (1962)

reported that water softening in some Wsconsin towns was ten timnes
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nore expensive than municipal treatnent.

The costs of water supply thus extend beyond nunicipal treatnent.
and distribution to include the custoner's use of water. Vater
quality-related consumer costs are delineated into two basic
categories; as defined by the Santa Ana Watershed Pl anni ng Agency
(Leeds, Hill, and Jewett, Inc., 1969). Under direct control by the
user is the cost of specialized treatment for the renoval of
obj ectionable water constituents. The other cost neasures the penalty
attributed to the use of degraded water supply. According to the
Pl anni ng Agency, the latter cost occurs "as a result of using water of
particular quality. Such items as Increased use of soap, scaling of
pi pes, and rapid deterioration of plunbing fixtures and water-using
appliances are exanples of the penalties incurred by the domestic user

These two categories are interdependent since specialized

treatment reduces penalty costs. Ideally the household degree of
treatnment should be optimized by setting the nmarginal increase of
treatnment cost equal to the increnmental decrease of penalty costs at

the desired quality of water intake.*

*For sone residents, the optimal solution must be constrained by
ot her preferences of drinking water. Although there may be
significant physical damages from certain water quality
characteristics, many consunmers are willing to undergo these costs

because of a taste preference for this water. Should these
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Danaegi ng effects of water supply result primarily from
corrosion, encrustation, and despoiling of household itens that come
into frequent contact with poor quality water. Affected itens in the
hone include piping systems, plunbing fixtures, water heaters and
ot her appliances, washable clothing and fabrics, dishes and
m scel | aneous goods. Specialized water treatnment, i.e., water
softening, extra demand for soap and detergents, and the purchase of
bottled water represent additional costs. Degraded water can inhibit
housepl ant growth and necessitate nore frequent lawn irrigation. In
addition, damages are incurred by water utility systens and custoner
facilities. A breakdown of these items includes water tanks, neters,
punps, and nunicipal water distribution systens.

Water quality parameters having the greatest econonic inpact on
househol d use are (Leeds, Hill and Jewett, Inc., 1970; Metcalf & Eddy,
1972)

(1) Total dissolved solids (TDS). The useful service life
of househol d plunmbing fixtures and appliances is sensitive

to the nmineral content of water (Black and Veatch, 1967).

(cont'd)

constituents be renoved, the water would then become objectionable.
Senate Drinking Water Bill 433 in early 1973 recognized these
preferences by recommending |ocal options for secondary (aesthetic as
opposed to health oriented) drinking water standards.
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Corrosion of netallic surfaces and precipitation of scale
are the nost apparent damages |linked to the presence of

m nerals including calcium nagnesium iron, nanganese,
sodi um potassium sulfate, and chloride. [ron and
manganese, in particular, cause staining and can even
clog piping and fixtures. The demand for bottled water
and extensive lawn watering are strongly related to the

| evel of mineralization. There are no legal restrictions
on the TDS content of water supplies. The US. Public
Heal th Service recommends that treated water not exceed
500 ppm of TDS, but this criterion is based on potability
rat her than physical damages in the household sector.

I ndeed, there are no commonly accepted criteria for any
paraneters that affect consumer costs.

(2) Hardness. Water softening, scale deposits in water
heaters, and purchases of soap and detergents are likely
to increase with the use of hard water, whose prinary
constituents are calcium and magnesi um conpounds.

Al though high degrees of hardness are detrinental to
wat er systens, |ow concentrations can be beneficia
since the resultant scaling reduces corrosion by
applying a "uniform deposit that conpletely covers the
netallic surfaces" (Black and Veatch, 1967). The U S

Geol ogi cal Survey (1964) classifies water hardness in

10



ternms of the concentration of cal cium carbonates:

0 - 60 ppm sof t
60 - 120 moderately soft
120 - 180 hard
180 + very hard.

CGeneral Iy, household users beconme irritated with
har dness exceedi ng 150 ppm while that above 300 ppmis
consi dered excessive (FWPCA, 1968).*

(3) Chlorides and sulfates. Corrosion and scaling are
caused by chenical action involving these anions. Alone
they do not cause corrosion, but they |ower the pH of
water and thus hasten deterioration. Chlorides are
statistically shown (Patterson and Banker, 1968) to
decrease the service period of water heaters, while

sulfates in conjunction with magnesium ions, due to

*The effects of hardness on human health are not addressed here,
al though they are frequently debated in the literature. For exanple,
many researchers found strong associations between heart ailnents and
wat er softness (e.g., Shroeder, 1960; Morris, et al, 1961), while
others claimed that these results were spurious since all causa

factors were not considered (Dingle, et al, 1964).
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their laxative effect, pronpte bottled water consunption
(Metcal f & Eddy, 1972).
(4) Acidity. Reduced service life of custoner facilities
may be expected from contact with highly acidic water.
Acidity is corrosive at levels below 5.0. But it is not
a factor of concern in nost treated water, where the pH | eve
falls between 6.5 and 8.5 (MKee and Wl f, 1971).
CGther inportant water quality paraneters include sodium
pot assi um phosphates, silicates, and dissolved gases. But the above
four categories are nost often recognized as danaging to househol d
items.

In estimating household damages in econonmic terns, this study
proposes to use only two water quality measures, total dissolved
solids and hardness, for several reasons. First, nost enpirical
results reported in the literature are based on these paraneters.
Second, there is anple data on these descriptors of water supply
t hroughout the United States. It must be recogni zed, however, that
these agents are not solely responsible for gross damages. For
exanpl e, without an adequate supply of dissolved oxygen in water,
corrosion is seriously retarded. And warner water tends to hasten
corrosive or scaling actions. Synergistic effects of water quality
conditions nust therefore be recognized, hut for the sake of
conputational sinplicity, the nobst fundanental paraneters are used in

estimating damages.

12



SECTION V
ECONOM C COSTS TO THE CONSUMER

The literature contains numerous estimates, by household item
of the econonic inpacts of degraded water supply. Sonme of these
results are useful in calculating state and national benefits of water
pollution control. Cost inpacts are generally separated into
i nvestment outlays for the replacenent or disposal of damaged
househol d units and daily operation and repair expenses. The nost
conpr ehensi ve estimate of consumer costs is reported by Black and
Veatch (1967). Annualized capital costs (discounted at 6 percent
interest) and annual operating costs are estimated for a nunber of
househol d or househol d-related units, ranging from water piping and
clothing to water meters and distribution storage systens. Even
expenses for soap, bottled water, and |lawn over-irrigation are
item zed. Curves are plotted to predict the average useful life of
facilities over various qualities of water supply.

The Black and Veatch report restricts its water quality data
base to total dissolved solids. Danages prinarily attributed to
hardness are omtted from discussion, although later estimates in this
study show that hardness has greater econonic effects than TDS
Moreover, total danmage estimates are provided for only two extrene
water quality cases with TDS concentrations of 250 and 1,750 ppm
Internediate cases are not easily interpreted fromthese results

because some of the damage functions per household unit are nonlinear
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while others are linear over the water quality range. The extrene
case estimates are based on interviews in thirty-eight western

muni cipalities, nost of which are quite small. To extrapol ate these
results to other regions would require adjustments for househol d
expenditures and water consunption. Yet the report distinguishes
average vs. nodern urban residential costs of using the sanme quality
water. For these resident groups, the difference in per capita
damages for the extreme water quality cases is $46.70 and $60. 55,
respectively.* But these estimates include bottled water and | awn
over-irrigation costs, which are specific to an area and to a snal
percentage of all famlies. Wthout these itens the respective
damages are |lowered to $17.22 and $28. 97.

Two other estinmates (Hamer, 1964; AWA, 1961), both reported by
the American Water Works Association, relate average TDS effects on
household facilities only (excluding soap, fabrics, bottled water,
irrigation, and water utility systems). These figures are $12.95 and

$12. 63-$18. 96, respectively, which conpare favorably with a

*The urban residential famly consumes, on the average, 130,000
gal lons of water per year conpared to 100,000 gallons in the typica
honme. The per capita figures pertain to a typical household with 3.8

persons.
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correspondi ng value of $13.13 by Black and Veatch. Their estinmates of
bottled water purchases, however, are somewhat |ower than Bl ack and
Veatch figures by roughly 20 percent. Patterson and Ranker (1968) use
data in the Black and Veatch report to estimate effects of TDS on
appl i ances and plunbing facilities. Their conclusions are thus
simlar to the latter study, although they contend that due to the
subj ective nature of some estimates, "the results . . . should be |ooked
upon as an initial investigation, certainly subject to nore conplete
survey investigation and anal ysis."

Leeds, Hill and Jewett, Inc. (1969) estimte specialized
treatment and penalty costs associated with household facilities,
using both TDS and hardness paraneters. Damages are assuned directly
proportional to the water quality level. For the Santa Ana River
Basin, per capita damages for 1970 are assessed at $18.85, with
hardness contributing about two-thirds of the total. This figure is
probably higher than the national average since water quality is
relatively |low and household expenditures high in this area.

Metcal f and Eddy (1972) conducted on-site interviews for damage
estimates mainly from Southwestern comunities with supplemental data
from industry. Unlike nost other studies that sinply aggregate
damages over each household unit, this report statistically verifies
the significance of water quality effects. The nbst inportant
relations are found to be bottled water purchases vs, TDS, softening
costs and soap denmand vs. hardness, and frequency of water heater

15



replacenent vs. chlorides. No significant effects of water quality
are identified with lawn watering, clothing expenses, and pl unbing
repairs. Oher studies, on the other hand, reach opposite

concl usi ons. Certain mnerals are found to have detrinental effects
on dishes, glassware, and appliances (Syracuse Chine Corp., 1971;
Anchor Hocking dass Corp., 1971; Frigidaire Div., 1971). Dissolved
solids can stain, discolor, and shorten fabric life (Loeb, 1963;

O'son, 1939; Hein, 1971); Aultman, 1958). Metcalf and Eddy derive two
exponential curves for total household costs vs. hardness with and

wi t hout softening devices. For excessive water hardness of 400 ppm
per capita damages are $22.33. A serious problemwth this study is
that it derives total household costs only in terms of hardness

levels. The interviews are conducted prinmarily with housew ves, nost
of whom | ack awareness of damaging ninerals other than hardness, since
the latter affects soap costs. As a result, cost estinates are biased
in favor of hardness and omt other inportant water quality factors
(Bovet, 1972).

An Orange County Study (1972) estimates the average per capita
econom ¢ damage resulting fromuse of Colorado River water. Household
itens include water softeners, bottled water, water heaters, plunbing,
wat er - usi ng appliances, and swi nming pools. Linear damage rel ations
are assumed. Annual costs from both dissolved solids and hardness are
quite high at $39.84, since water quality (average TDS |oad of 746

ppm hardness, 349 ppm) of the riverwater supplied to households is

16



quite poor.

Several studies examnm ne damages for specific household itens.
Every 100 ppm rise in water hardness increases soap consunption. For
exanpl e, the annual per capita cost of cleaning products varies
consi derably by study, i.e., $1.55 in an Illinois study (DeBoer and
Larson, 1961), $2.52 in a Purdue University study (Aultman, 1958),
$5.85 in a Southern California study (Metropolitan Water District,
1970), $8.21 for upper nmiddle incone residents in an O ange County
survey (1970), and $3.32 for all respondents in this survey.* In a
report on the Chio River Valley (Bramer, 1960), hardness-related costs
of soap are based on the Purdue University data. However, when tota
basin costs are derived, only custoners using publicly treated surface
wat er supplies are counted. Qher residents on private wells and
ground water are excluded since these sources, as the author contends,
are not "primarily subject to the effects of pollution." This
assunption is questionable since ground water is subject to (man-nmade)
contamnation fromsalts and toxic naterials from surfaces and deep
wells or through diffusion of soluble conpounds from septic tank

systens (Todd, 1970).

*These figures are inflated by suitable price indices to base
year 1970. The final estimate is based on a straight-line fitted

through all data points in the Orange County survey.
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WIllians (1968) determ ned home water softening costs at $26.64
per person in Southern California. In a related study, the per capita
cost of cleaning agents due to all water constituents is estimated in

the range, $12.63-$15.79, for nost Anmerican cities (AWM, 1961).

Anot her measure of benefit estimates is based on the

wi | lingness-to-pay concept. Orange County residents were asked what

addi tional expenses they would accept for top quality water (Orange

County Water District, 1972). Average yearly paynents were $5.68 and

$8.84 for water with respective TDS | oads bel ow and above 600 ppm

18



SECTION VI
METHODOLOGY FOR ESTI MATI NG BENEFI TS

The sequence of calculations for marginal benefits of water
quality inmprovenment is outlined in Figs. 1 and 2. In the first
di agram damages are calculated for each household item These costs
are partitioned into (1) investnent and (2) operation. The forner
cost involves annualizing total capital cost over its period of
useful ness. The reduced service life of unit i, resulting from
contact with low vs. high quality water, is estinmted by danage
function Fg(-*). The appropriate water quality index-TDS or hardness
I evel--is an independent variable in this function. A standard
capital recovery factor is defined in terns of the service life n and

di scount rate r, as follows:

g n n
p +
a(r, n) = r(14r)

(148 - 1
This value, nmultiplied times the original value of the item

effectively anortizes the original cost into n equal yearly paynents
at interest r. The annualized cost decreases with inproving water
quality. This change represents the damage estinate for equipnent
corrosion or depreciation.

The other cost elenent arises from greater operation and
mai nt enance of household itens. This annual cost is calculated by the

damage function Gj("). After total costs are estimated for the two
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Damage " Description Water Quality Level

Impact of unit u Actual (wo) Improved (wi)
Investment Useful service Mo = Fu (Yg) nyi = Fu (wi)
Tife
Capital recovery @ (r,n ) a(r,n :)
factor " uo u
Base year value Vy Vu
Annualized value cx(r,nuo)-vu a'(r,nm.)-vu
Incremental 031) = [a{r,ny;)- alrong)] Y,
damage
Operation Base year cost G, (wo) Gy (Hi)
Incremental” D&Z) = G, (W3)-Gy (Wg)
damage
Total Unit Incremental D, = D&T) + 062)
damage
Total Incremental D, = ZIDU
Household damage u

*Note: Water supply source, j, is implicit in these symbols

. 1'8', D"i Dj. .

Fig. 1. SCHENMATIC DI AGRAM OF WATER QUALITY DAMAGE CALCULATI ONS
FOR EACH HOUSEHOLD UNIT.
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.Land Description Hater Supply Source
Area ~ of Region Public: Public: Private:
Surface Ground Well

‘State Household Damages

Typical Dy D, D3
Adjusted for State Dy © Dy Dy
Humber of Households f]s f2$ f3s
Total Damages by f1sPis fogDog f34D3¢
Source \/—\l/\/
Total Damages Tg = szjsDjs
Total Population 9e
Per Capita Damages PS = Ts/gS
Nation Tcis:zlrgzmages by ZsflsD]s 2 fstZS }-;Sf3503s
K L
Total Damages T =2
s
. Total Population g = %‘ 9
Per Capita Damages P=T/g

Fig. 2. AGGREGATION SCHEME FOR REGIONAL WATER QUALITY BENEFIT
CALCULATIONS.

21



water quality conditions, they are subtracted to yield increnmental
damages.

Unit damage functions and input data for these calculations are
extracted from the literature. For npbst units, damage curves have
been fornul ated from nmanufacturers' data and personal interviews.

O herwi se, curves nust be fitted through available data points. |f
only two (extrene water quality) observations are available, a |inear
segnment is drawn through these points. In those cases where severa
data sources are available, averages are taken. There are also
househol d itens owned by a portion of all households, i.e., water
softeners. This portion is assunmed to be linearly related to the

| evel of water quality (Orange County Water District, 1972). As a
result, the average damage is a product of item cost and percent
owner ship, both functions of water quality. Price indices (Census,
1971) of household itens are nultiplied times original cost to adjust
danages to base year 1970.

Table 1 presents a list of household units included in this
st udy. Correspondi ng (uninflated) danage functions are fornulated for
capital and operating costs in a typical residence. Functi onal
dependence on specific water quality conditions is also identified.
(Note that soap and detergent costs are apportioned between TDS and
hardness.) Each function is assumed valid over the observed range of
water quality, although sone studies caution the use of extrapol ated

results.* Not all household units are considered in estimating
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Table 1

TYPICAL DAMAGE FUNCTIONS FOR HOUSEHOLD UNITS

INVESTMENT/FAMILY *

OPERATION AND

WATER QUALITY

ORIGINAL LIFE SPAN MAINTENANCE * VARIABLE (W)
UNIT COST ($) (YR) ($/YR) TDS HARDNESS
Bottled Water 0 0 exp(-3.7)-w'8 @
Cooking Utensils 20 . 10.2 - 7.07% 0 @
Faucets 165 1.5 - 2.77% 7.00% + 1.6 ®
Garbage Grinder 8 5.0 + 1.6exp(-1.273W) | 5.07% + 1.1-1 O
Sewage Facilities 90 30.8 - 3.3 2.37% + 3.4 @
Soap & Detergents (1) 0 0 2,773 + 11.7 | @
Soap & Detergents (2)** 0 0 1.6”1w-(1-X3 +11.7, &
X = 7.0-%
Toilet Facilities 20 2.0 + 2.4-exp(-1.5"3W)| 1.673u + 6.1-! @
Washable Fabrics 1,080 4.6 - 1.37% 0 o
Washing Appliances 120 5.0 + 1.8 exp(-7.9-%W)| 1.07% + 3.3 @
Wastewater Piping 450 10.0 + 3.8-exp(-6.47%W)| 7.07% + 1.6 i)
Water Heater 110 5.0 + 2.4-exp(-1.473W)| 1.373W + 16.8 )
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Table 1 (continued).

INVESTMENT/FAMILY *

OPERATION AND

WATER QUALITY

ORIGINAL LIFE SPAN MAINTENANCE * VARIABLE (W)
L UNIT COST ($) (YR) ($/YR) TDS HARDNESS
Water Piping 250 12,0 + 3.4-exp(-1.873W) | 1.173% + 2.0 i)
Water Softeners ** 2.1 L 12.0 1.1-%2 O
Water Utility Systems B
Distribution 450 60.0 + 3.9-exp(-9.1°%W) | 1.273w + 3.2 )
Production 120 30.8 - 3.373 3.27% + 4.5 @
Service Lines 100 46.7 - 6.773u 0
Storage 60 50.8 - 3.373 | 6.37% + 3.47] @
Water Meter 40 30.5 - 2030 | 2.37% + 5.97! e

* Any number of the form, a.b™", is an abbreviation of the scientific notation, a.b x 107",

{

** Damages for this unit are adjusted by the proportion of households owning water softeners.




damages. Only those with adequate docunentation and proven dependence
on water quality are sunmarized. O her likely items include

ornanent al shrubbery, sw nm ng pools, home garden crops, and extra
fertilizer demand.

After typical household danages are derived, state and national
totals follow according to Figure 2. Each unit estimate is first
adjusted to reflect state differences in housing expenditures. Thi s
adjustment is based on findings (Orange County Water District, 1972)
of a strong correl ation between damage | evels and hone val ue or rent
payment. The factor used to reflect this standard of |iving
adjustrment is the ratio of average fanmily incone by state over the
U. S. mean (Census, 1972).

Level s of drinking water quality for the largest U S. cities

(Durfor and Becker, 1965) are closely related to the quality of the

*In the conmunities surveyed by Metcalf and Eddy (1972), for
exanpl e, TDS al ways exceeded 31 ppmin water supplies, so that any
damage estinmate based on purer water is subject to greater uncertainty
than interpolated results. Sonnen (1973) and others assune that
damages are negligible below certain concentrations of mnerals, i.e.,

100 ppm for hardness, since no observations were surveyed in this

range. Another survey (Aultman, 1958) refutes this assunption.
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original water supply. Thus damages in each residence depend on the
supply source, which is usually distinguished as publicly treated
surface water, publicly treated ground water, or well water and other
private sources. To estimate the nunber of households served by each
supply source requires the integration of several data sets. The
Envi ronnmental . Protection Agency (Division of Water Hygiene, 1971)
summari zes the percent of each state's population served in 1970 by
public water supply systens. The remmining (unreported) popul ation
receives water from private systenms. O the proportion on public
supply, a USGS report (Murray and Peeves, 1972) divides it by state
into popul ation served by surface, ground water, or conbination

t her eof . For purposes of this study the "conbination" group (which is
relatively small) is partitioned anong pure surface and ground water
users according to their relative magnitudes. These estimates thus
gi ve a breakdown of state custoners served by the three major water
sour ces. The nunber of househol ds on each source equals the percent
served by source tines total nunber of fanmilies (used as a proxy for
househol ds) .

This analysis concerns itself not so much with the origin of
damages as with the total use of water. Yet the distinction anong
househol d damages by supply source is inportant for several reasons.
First, pollution of surface sources is nore often identified with
man- made activities than ground water contam nation (Braner, 1960).

Water quality standards are generally designed to contro
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ant hr opogeni c wastes in surface water bodies. Second, water quality
levels differ significantly by source. According to chenical analyses
of raw water fromlarge public supplies in the United States (U. S.

Geol ogi cal Survey, 1954), average hardness as CaCO3 (wei ghted by
popul ati on on each supply source) is 96 ppm from surface supplies but
200 ppm from ground supplies. If the water is treated publicly, these
figures are reduced to 82 and 162 ppm Total dissolved solids
(rmeasured as residue at 180 deg. F.) levels also vary considerably and
are notably high in western and nm dwestern ground water aquifers.

These high variations account in large neasure for differentia
househol d danmeges.

Water quality varies enornously by geographic area. TDS |evels
ranging fromless than 50 ppmin the South to well over 100,000 ppmin
the West have been observed. Furthernore, extrene variability can
even occur within the same aquifer. Near Sedgw ck, Col orado, for
i nstance, TDS and hardness were neasured as 2140 and 990 ppm
respectively, in one private well but only 330 and 199 ppm in anot her
well less than one nmile away (Hurr, 1972). To obtain typical TDS or
hardness values is thus neaningless for npbst areas of the country,
especially the West and Sout hwest. For purposes of estimating
aggregat e damages, however, average values are useful inputs.

Water quality data were conpiled from annual water resources
reports, special state ground water reports, and information files in

state agencies. Public water supply data was extracted from two USGS
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surveys (Durfor and Becker, 1965; Schneider, 1968) of mmjor cities in
the United States, The nore recent data was selected if given the
choice. Water quality observations were first separated into surface
and ground sources. Then they were weighted by customers served in
each nmunicipality to yield a state average. Private well water data
were nmore difficult to obtain. (Cbservations were few in nunber and
scattered in various docunents. Some raw ground water records were
conpiled in annual surveys (U S. Geol ogical Survey, 1967-1970), but
they covered fewer than half of all states. Oher state data were
taken from ground water analyses in the above mentioned USGS surveys
of major cities. For another group of states, representative wel
sanples were released by officials in USGS Water Resources District

O fices. Still other information was found in special state ground
water circulars. For each state a typical value of raw water quality
was obtained by finding the nmean of sanple values. Wile caution nust
be exercised in using this as a representative value, the sanples were
chosen in heavily used aquifers. If water quality was found to be

hi ghly variable across the state, nore than one of the above data
references was used to assure better coverage.

From t hese data observations, water quality |levels were
estimated for each major supply source. In a few states, i.e., Mine
and M nnesota, sanple data for public ground water supplies were not
readily available. A typical value was then calculated as the average

of treated surface and well water quality.* By substituting water
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quality levels into the damage functions (Table 1), economc
assessments of typical household damages from water use can he

obt ai ned.

*Where water quality estimates for all supply sources by state
are available, this averaging principle gives nixed results. For
exanple, in Georgia and |daho, treated ground water quality is roughly
t he average of values from ot her sources. In New York and California,

this assunption yields underesti mates, while the opposite occurs in

Nebr aska and Col or ado.

23



SECTION VI
REG ONAL ESTI MATES OF ECONOM C DAMAGES
A conmputer program was witten to calculate 1970 househol d

damages aggregated by state (including the District of Colunbia).
Tables 2-4 present a facsimle of the computer output. Damages are
cal cul ated for three discount rates: 5, 7.5, and 10% In each table
the first two colums estimte the annualized value (capital and
operation) of all household itens affected by observed (original)

water quality. Next the danages are totalled over the number of
househol ds served by each supply source. Finally, these estimates are
translated into per capita rankings. All damage val ues are based upon
conplete elimnation of TDS and hardness prior to household use of
water. This assunption results in a conservative value since
househol d activities generally add nmore salts and minerals to the

wat er supply (Bovet, 1973).

When the discount rate increases, household expenditures also
rise, as expected. But the total per capita damage decreases.
Intuitively, one would expect danmmges to change in the same ratio as
expenditures. Exami nation of the capital recovery factor explains
this discrepancy. For illustration, damages are cal culated for water

piping (unit 1) as affected by treated surface water in the state of
Maine. Wth original water quality the annualized capital value
i ncreases 89% as interest goes from5 to 10% On the other hand, as

water quality inproves, this value decreases (because the service life
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Table 2
HOUSEHOLD DAMAGES OF WATER SUPPLY BY STATE
FOR 1970

DISCOUNT RATE = 5%

HOUSEHLD EXPND TOTAL DAMAGES ($1 M) BY SOURCE

STATE TOTAL  PER CAPITA SURFACE  TR.GROUND  RAW WELL TOTAL

($M)  ($): .

MAINE 105.5 106.34 0.7 0.5 1.5 2.7
MASSACHUSETTS : - '792.6 139.32 3.7 5.3 3.8 12.8
VERMONT 51.4 115.73 0.5 0.4 0.8 1.7
NEW HAMPSHIRE 93.3 126.46 0.3 1.0 1.3 2.5
CONNECTICUT 497.4 164.05 5.8 2.9 3.5 12.2
RHODE ISLAND 121.8 128.65 1.4 0.5 0.2 2.1
NEW YORK 2753.7 150.99 39.1 61.3 15.6 115.9
NEW JERSEY 1133.7 158.16 8.9 12.9 14.7 36.5
DIST. COLUMBIA 97.9 129.39 6.3 0.0 0.3 6.6
PENNSYLVANIA 1584.6 134.36 50.2 13.0 21.0 84.2
WEST VIRGINIA 180.5 103.48 3.4 2.7 3.7 9.9
MARYLAND 583.4 148.74 13.3 1.8 2.4 17.4
VIRGINIA 588.1 126.52 11.6 2.9 11.0 25.4
DELAWARE 77.3 140.99 0.8 1.9 . 0.7 3.4
KENTUCKY 347.9 108.09 11.2 2.4 10.7 24.3
TENNESSEE ) 419.2 106.84 8.2 2.8 3.7 14.7
MISSISSIPPI 184.0 82.98 0.6 3.4 1.4 5.4
ALABAMA 350.3 101.70 6.4 3.5 3.3 13.2
GEORGIA 516.5 112.53 2.9 3.7 10.0 16.6
NORTH CAROLINA 542.6 106.77 5.2 2.4 9.8 17.3
SOUTH CAROLINA 250.0 96.51 2.0 0.4 0.6 3.0
FLORIDA 905.3 133.34 5.4 41.4 18.8 65.6
OHIO 1542.7 144.83 48.8 19.2 58.4 126.4
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STATE

INDIANA
ILLINGIS
MICHIGAN
WISCONSIN
MINNESOTA
ARKANSAS
LOUISIANA
OKLAHOMA
TEXAS

NEW MEXICO
MISSOURI
IOWA
NEBRASKA
KANSAS
NORTH DAKOTA
SOUTH DAKQOTA
MONTANA
HYOMING
UTAH
COLORADO
CALIFORNIA
ARIZONA
NEVADA
HAWATIT
AASHINGTON
OREGON
IDAHO
ALASKA

'HOUSEHLD EXPND
PER CAPITA

TOTAL
(5M)

758.2
1750.
1318.

612.

505.

180.

365.

313.
1406.

121.

614.

377.

186.

297.

69.
77.
82.
13.

135.

292.
3031.

250.

72.

107.

469.

269.

84.
42.
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Table 2 (continued).

($)

145.
.49
148.
138.
.9~
.86

157

132
93

100.
122.
125.
110.
.36

131

133.
125,
132.
112,
115.
118.
129.
127.
132.
151.
141.
148,
139.
137.
128.
118.
139.

98

56
70

35
46
59
49

43
51
30
15
63
25

SURFACE

26.
51.
41.
12.
5.
0.
7.
13.
39.
0.
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TOTAL DAMAGES ($1 M) BY SOURCE
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16.
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16.
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Table 2 (continued).

STATE . PER CAPITA DAMAGES ($) BY SOURCE

' SURFACE TR.GROUND RAW WELL TOTAL
MAINE 1.16 3.41 5.60 2.69
MASSACHUSETTS , : 0.99 3.83 6.60 2.24
VERMONT AN 2.91 3.95 4.96 3.90
NEW HAMPSHIRE : ' 1.07 3.75 6.39 3.44
CONNECTICUT 3.03 4.92 6.76 4.03
RHODE ISLARD 2.14 2.33 2.45 2.21
NEW YORK 3.19 14.80 8.53 6.36
NEW JERSEY 3.61 5.87 5.87 5.10
DIST. COLUMBIA 8.72 0.0 8.72 8.72
PENNSYLVANIA 5.75 9.22 12.70 7.14
WEST VIRGINIA 3.381 6.35 8.88 5.65
MARYLAND 4.48 4.42 4.29 4.45
VIRGINIA 4.00 6.26 8.47 5.47
DELAWARE 3.75 7.93 8.03 6.29
KENTUCKY 6.05 8.05 10.04 7.56
TENNESSEE 4.58 2.50 3.66 3.75
MISSISSIPPI 2.21 2.42 2.61 2.44
ALABAMA 3.80 3.85 3.88 3.83
GEORGIA 1.48 3.13 6.80 3.61
NORTH CAROLINA 2.41 3.39 4,37. 3.4
SOUTH CAROLINA 1.18 1.15 1.09 1.16
FLORIDA 9.68 9.13 11.05 9.65
QHIO 8.53 8.10 22.84 11.87
INDIANA 12.95 22.54 20.89 18.22
ILLINOIS 9.18 19.19 25.64 15.38
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STATE

MICHIGAN
WISCONSIN
MINNESOTA
ARKANSAS
LOUISIANA
OKLAHOMA
TEXAS

NEW [MEXICO
MISSOURI
I0WA
NEBRASKA

KANSAS
NORTH DAKOTA

OMALTTIS NAIZATR

SOUTH DAKOTA
MONTANA
WYOMING

1"Hrat
UiAn

COLORADOQ
CALIFORNIA

ADT7NNMN
ARL LUK

NEVADA

HAWAIT

tJACUTAINTAN
WRAQNLRQ LUt

OREGON
IDAHO

Al ACkA
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Table 2 (continued).

SURFACE

w—eed  omad

el

™

BT O -l NWOQOONOONUION I~ DCIT~I00 I — 00~
.

.23
.15
51
J1
.82
77
.44
.61
21
.99
.02
.33
.43
.30
.02
.02
.40
.40
.52

7c
(A%

.48
.18
.67
.57
.75

77
od i

TR.GROUND

11.36
17.43

el el aed
L OY OY NI O

[aS)
—_—

PER CAPITA DAMAGES ($) BY SOURCE
RAW WELL

.49
.86
.20
.84
.52
.49
.39
.67
.37
.93
.53
21
.63
.60
.18
.95
.26
.42
.56
.49
.49
.18
.84
.36
.80

73
ol

TOTAL



